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TnLEOFTOEJNVemO^ 
INTESTINAL GENE THERAPY 



FiELDQOmiNYENTION 



thnH for the effective delivery of biologically active genes to the 

encoded a„«genge„esorg»es .need ^.^^ ^ phamaceuUcally 

.deo—o .™o,eeu,ese^»-^-^^ 

(GU) tissues. 

BACKGRQUmOUHEJNVEfflTOH 

' . . ,• a. <0n tract ha. many features that make it an attractive site for gene therapy and 

T^egastrorntestmal (01) tract has y „,^,,,,i,e,yofge« transfer vectors, 

delivery of o*er biologically acBveagents. It offers easy a 

^„,h.* oral and rec. ron.es. ^-^^^-^^ - ^ ^ 
epithelial cells, (int«tinal eprthehal cells, or lEC .^ ^^^..^^^vectorscur^nUy available 

- — :::r::r.:«at.e.in«ss.c.t.a* 

for gene transfer mvrm can readily infect intestma p svstem to combat intestinal 

,.S;Ch.g,...A-o.is.epo-for.n.-^^^^^ 

paa„,e„s(Baca.E^a. 1995),cancer(Add,son, 1995) nrf^a,™^^^^^^^^^^ 

rr:rrt:— e,a„dnonesho.ngany«^^^ 

S„.rising,y..ep.maryreasonfor.eslowpro^sint.f,e,— 
ofintestinaladmirrist^honot genes and gene ^ansfervectors. The transfecno 
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. oral or rectal routes has been very poor, presumably because of 

ader^oviral vectors through either oral or r i994),hich line the gastromtestmal tract, 

..erferencebytheepithehalandrnucosalbarnersCS^^^^^ 

pK^tectingitfromnoxiousandpathogenicagents. Tl^u^, ..^ fo, a number of applications 

..developmentofadenovir.^.^^^^^ 

taduding totesfaal gene *erapy (Jobm, 1998, Hog ^^^^^^ 
^H™pered.y*e.ac.ofap..oeoUno™ngeffic,» — ^ 

.anipulaUon of *e tatest^e Sfe™, • have sho™, some suceess 

3te>„vectors4roughthecrc*t,on(Br„v™,19y) ,,„d*e lack of selectivity forte intestine of 

,.>„.3Sivenessa..ico,np,exi^«f*-««'-''-'=^";-^2^ig^^^^^^^ 
.,...c vector aelivetyl^ve ptev...^- 

immunisation of the lower 0. an. OU » . ^ 

^.eriaanantycoplasmas l^ pr^^en ^^^^^ ^ , 

protein (Kleanthous et al 1998) or genes ^, ^ 

iHnically ai« due to the presence of protecttve -u .d^* ^ ^^^^^^^ ^^^^^ 

^u.ed is a simple, safe approach to intestin. J^^^uastothislong- 
a^dy currently used to deliver topical treatments to the G. tract Thts 

felt need. 

SUMMARYOTTHEIN^^ 

e„..n.tedwhichcontainfo.ignannse„genes.or - « 
gene products, alone or in combtnafon wtth cy. k,n ^^^^^^ 
ehemotactic molecules or genes or ^^"^ J„ 

themselves ("nucleic acld-based vaccnes ) or aft er y h ^^^^^^ ^^^^^^ 

^ administered to Ute host as a populatton of hvtng cells ( ce 
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. .^.ed « simultaneously «ea.ed to cause a breach, preferably .emporarily, to 

=t ;^— rrr~--=;: 

mucosal tissue by cell-based vaccines. 

antigen (PymT antigen. Wan et al 199 /)• i nis re:, . ^ . , • t rM (CTU 

M 1 or bo*, and antigen expression, which to .urn resul. rn Cyloro.c T eel, (CTL) 

generation to .he dratotog ileac lymph node specific for ,he PymT an.,gen. 

Therefore i. is an obiec. of .he presen. invemion .o provide a highly efficien.. reliable, and simple 
!l!:rimmunisa.ion„f.heco,onicmucosaand.op™videspecincin».u„cpr„.ec..o^ 

GI and GU mucosa. 

^noti,erobjec.of.hlsinven.io„is.„provideame.hodtordelive.ofgenesnucleicacidvec.or^ 
riencodingforeig„genesorgenevec.ors.o.hein.es«epi*eliala„dod.erce„s. 

P„r.ero,ec.of*isinven.ionwillbecomea^n..*oma,eviewof*ecomp,e.«os„reand 
the claims appended hereto. 
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fe„^*ecensa.see„.Pane.B.Mac.o^picviewofais,aIc„>o„s*edasfo.(A),«^ev^ 



tew posmve ce,,. » ■ i„ 

delivered 3 houis after ethanolprewatment of the colon (x50). Note the unp 

"of blue stained cells. Panel C. Mac^scopic view of proximal colon of mouse treated as tn B. 
Z!^„r^dishNote.es.o„...nfectedd„nteshapeda.asCarrow,Thesehave^^^^^^^^ 

Zited as colonic M cells. Pane, D. Microscopic ap^ce of cross-sectioned coiontc ™^ 
ivedf^nranrouse infected o„eda,previo,.withL.Z virus and suhse,uen.,,sta,ne,^orP^^ 
:^;.Notethenun,erot.h,uest.nedepi.eli.ceUsonthen,ucosalsur.ce(x.<.,.P^e.E..^^^^ 
^Lonofcolo.cn,ucosa3da.safter^ecti„„.U.AdUcZvin.s>*nu„.n,usep.thehai.lU 

ZsitiveforP-Gal<x4<K,,Notethatepi«relialcc,lspositiveforthep.Oale„zyn» 
, :l::a.terda.3P..Pane,.WM,eepi.he,itacel,sa.etheprcdon,i„antcell..einfecte4oc^^^^ 

cells in the lamina propria were also positively stained, see arrow (xlOO). 
Fioure 2 Luciferase Expression and Distribution 

pI a Luciferase enzyme a.* was assessed in vanous tissues one da. after infection, and . 

3 iln.IativeU..u^^^ 

r: as..s. denotes Iuei.ase aetivi. si.i.c.t. elevated over 

..,o.dactivit.was<i™tiss.andnoi.^^^^^^ 

liver mesenteryoriliaclymphnodesfollowingenemadehveryoftheAdLucvirus.Pan 

A in the distal colon over an 8 day time course and is expressed in relative 
; enzyme activity was assessed in the distal colon over • , rh^ «.terisk 

' , 4. 1 cpiu of OTouDS of 4-6 ammals. The asterisK 

90 Heht units (RLUVmg of tissue. Results are the mean ± 1 SEM ol groups . . , 

" ;l:;lraIli.,si.i«canU.elevatedoverhac.^^^^ 

^ 1 RLU/mg tissue. 



,3 ir„:;X-T.icac.vit,h,,,mphoc.es^rnmicevaccina^w.AdP^^ 

" ctoTpJo-— -^(---^^^--^^^^^^^ 

^ vaccination and tested for cytolytic activity in a "Cr-,.lease assay usrng 5,6MT3 and cont 
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PT05.6censas»g=.s.EfIec«ceUso„.yiysedPymT-expresstagceUs.Tl.eseda.a« 
of two experiments performed. 

,^r. 4 inus.ra.es .he induc,io» of anUgen speciflc CTL after ad™„is.raton of <,e„dri.ic cells 
uansfeced wiU, Adenovirus vee.or encoding gp.OO .umonr an.igen gene from melanoma. The DC 
we. adminis.ered su^u^eousl, and *e spleen cells were isola.ed 14 days after adminis».ion of 
a,e cell based vaccine. Induction of gp.(«-specific ,y.ic aetiviry by splenoey^s ftom C57BU6 m,ce 
vaecina^d v..h DCsUan^uced wi* AdgplOO. Sp,e„ocy.es were harves.ed from mice ,4 days 
after vaccination witi, DCAdgp.OO or AdgplOO alone. Five days after res.imu,a.ion witi, ti^e. cells 
B16F10 eftecors were harves.ed and .es^ for oy.oly.ic ae.ivi.y in a "Cr-reiease assay using 
B16F,0 (A) and con^ol EL4 (B) -ge. cells. Da.a presen.ed are represen.a.ive of five independen. 
experiments. 

DETMSfiESainiaHmmPEEF^^ 

This invemionp^videsadirecrandclinically applicable apprc«h.oin.esti™.ge„eti,e,apy,^ 

of adenoviral or o*er gene vecors .o *e colon by i„«-r^.al enen,. s„ppos,.ory lavage 
I lLorti,eli.e. Wehavediscove.dta.p— .wi^amucosalbarrier^^^ 
rronof.ecolomcep..heUum.Wehavefou„dd,a.pretiea»en.orconc.^.— 

e.h^.01 or ote mucolytic or muco.disrup.ive age„.s sUongly enhances ttansfection of fte colon, 
I:rE.pressio„ofrepofter.r»sgenesde,ive^.o.hecolo„follo„ingorconc.^.™^ 
Ze„.hasa,lowedus.oiden.i^ti-ecell.,pesinfec.edor«ansefec«d,aswellas.hedu,ationa^d 

~rvi.of.Kee.p^sion.Alsodemons.ra.edhe«inis.heapplica.io„ofcolonicgeneti^^ 
l;llJ— on,*rou^«.exp^ionofadenovec.ororo*ergenevec.«enc<*dmmo 

as IZ asa.reau.en.orp«,phylac.icme.hcdforuuno.. This approach gene,a.ed a s«ong ^o.o>..c 
Zpoc.e,CTL)respo„se,..geting.he.^genicanUge..in.elymph„odesdra,n,. 
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These results not only demonstrate that intestinal gene transfer is feasible following a reduction m the 
barriers to transfection or infection, but also indicate that gene transfer to the colon is useful as a route 
for local immunization, as well as for other intestinal gene therapy applications to prevent or treat 
intestinal or systemic diseases. 

According to the method of this invention, we have found that pre- or concurrent treatment of the 
colon with agents that breach the mucosal barrier can allow penetration of adenovirus and other viral 
or non-viral gene vectors to transfer genes to the colonic mucosa and initiate immune responses or 
other biologically or clinically relevant responses in the local draining lymph nodes of the GI and 
GU tmcts hi addition, we have found that introduction of antigens as adenovirus encoded genes mto 
dendritic cells prior to intra-rectal administration of such cells is a highly effective way of inducing 
specific cytotoxic cell activity against tumours (see, for comparison. Wan et al 1999, who 
demonstrated efficient induction of anti-tumor activity through dendritic cell presentation of tumor 
antigens through routes of administration other than intestinal). 

One embodiment of the present invention provides a method of treating the colonic tissue so as to 
make it accessible for infection of the colonic epithelial cells and for efficient gene and cell transfer 
to the colonic mucosal tissue. Treatment with a 50% ethanol solution delivered as an enema disrupts 
the film of mucin covering the colonic mucosa and exposes the colonic epithelium. Administration 
of adenovirus vectors (5X10 « pfi.) in physiologic fluids to the treated rectal tissue causes mfection 
to occur and extended gene expression from infected colonic epithelial and other cells (at least 8 
days) inducing potent CTL antigen specific responses in the lymph node draining the lower GI and 
GU tissues. This local stimulation of immunity avoids the difficulties introduced by other upper 
gastric routes of administration of antigen or gene vectors, namely the possible introduction of 
tolerance through the oral route. 

Adenoviruses (Ads) can be used as mammalian cell expression vectors, with excellent potential as 
live recombinant viral vaccines, as transducing vectors for gene therapy, for research, and for 
production of proteins in mammalian cells. As is known in the art, the construction of adenovirus 
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vectors can be performed in rna^y ways. One of fte mos, 6equen,ly used and mos, pop^ methods 
tor construction of adenovirus vectors is based on two plasntid method" «he«by suitable host 
cells (typically 293 cells) a^ cotransfected with two plasmids. each of which separately is incapable 
of generating infectious virus, bu, wUch. when recombined within the tr^sfected ceU can generate 
replicating virus. The mos, widely used plasmids of dris type are described in PCT publicatton 
number WO9S/00655. hereby incorporated by reference. This system has advantages over other 
methods using viruses or viral DNA as com,x,nents since only easily prepared plasmtd DNAs are 
needed, and there is little or no background of parental virus contamination of the final vector 
isolates. Furthermore, the plasmids are not only easy and inexpensive to produce by those sktlled 
,„ in the art. but can be easily stored and «^spor.ed. making them convenient for commercal 
O distribution. (i.e. particularly when precipitate with ethanol or when lyophili^d. these vectors do 
" no. require a cold chain for distribution). T^e vectors can be .administered directly by tnjection. 
instillation, suppository, lavage, bolus or like me^s, or as a cell-based vaccine, whereby tite 
adenovirus vector encoding an antigen gene is fir^ introduced into antigen ptesenting cells such as 
Dendritic cells prior to administration of the infected cells to the host in dte form of a bolus, 
suppository, instillation, lavage or like means. 

h, tite human Ad genome, early region 1 (El). E3, and a site upstream of E4 have been utilise! as 
sites for introducing foreign DNA sequences to generate adenovirus recombinants. In the absence 
of compensating deletions in El or E3. a maximum of about Z-kb can he inserted into the Ad 
genome to generate viable virus progeny. The El region is not required for viral rephcation ,n 
complementing 293 cells, or other cells known to complement El . and up to 3.2 kb can be dented 
in this region to generate conditional helper independent vectors witi, a capacity of 5.0-5.2 kb. In 
the E3 region, which is not required for viral replication in cultured cells, deletions of various stz. 
have been utilised to generate non-conditional helper independent vectors with a capacity of up to 
4 5-4 7 kb The combination of deletions in El and E3 pemtits tite construction and propagation of 
adenovirus vectors with a capacity for inseriionsof up to approximately 8 kb of foreign DNA. 
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„ ™„ ^ appreciated fta. ote veCo. and/or gene fo™u.a«o«s such as plasn,id DNA ca^ e 
ad„.Ms,eredto*e.ec.aI«s.ei„a..«ar,„a™e,..naddi.ioM.wiUbeapp.cia,ed^ 
ceUs can he adn.n..e«d ,y U,is route to co.on. .ucosa, ttssue and affect the local (tleac lyntph 
node) mucosal lymphoid tissue. 

„ .in be appreciated that other solutions and/or treatments can be used to «at the mucosa, barrier 
,0 allow mtroducUon of the antigen genes. Thus, any non-to.lc agent which causes partta, =^ 
prefe,.b,y.e.npora,.,dls™ptlo„orthemncosa,harHern,ay^usedtoprc-trea.orco„c^^^^^^^ 

L Jnal lining, to enhance gene delivery to the intestinal epithelial and other cells. 
„tlonsofethano.,aloneorineon,binatlo„ with other agentsntay be usedoac^^ 

..ult Thus, an ethano, concentration of between about 5% and 75%. or preferably 5-6 /. a 
Lprefe.bly,aboutamethanolsoluUonisco„tactedwith.heintesanallh,t„ga^^^^^^^^^ 
iJiugbutn„tH.lted.oproP«no,.n,ethano,.and.hel*cn,aybcused,„as,..f^^^^^^^^^ 

,„ng as toxic effect, including ^m,»cnt disruption of fce Intestinal mucosal luung. does not resuh. 
5 cJeragentsthatmaybeusedeffectlvelyincluden,ucoly.cagents.suchasmucolyt,ce„z>™^ 

Ltyl Cysteine, or penetration enhancing agents, such as DMSO. may ILewtse be mcluded m 
:Xos ions for gene transfer to the IntestM cells, either alone or In combln^on wtth e^anol. 
Tlbeappreclatedtha.lfvari„usnucleieacidconstruc.sareco„tactedwlththe.n.s..nall.mn^ 

i.aprecipllsta.e.asinplasmldsprcclpltatedlne*anol,astheethanolcon.n.ranondr^^^^^ 
,„ uucl icacidsbecomesolublH.eda„da«t*enupby.hclntestlnalcells. ,n th.s matmer, Ute ttme 

rse of gene expression and transfer may be modulated to achieve longer or shorter gene 
eresslontimecourses.h,addi.lon,asnccessary,.he .garment may berepeatedtoachtcvclon^^ 

I treatment objectives. Furthermore, the nucleic acid constructs dtus presente may be 
mlspcciftc ,e. »coding one active gene, or may be mt.tlspcclf,c, e,.o.ng m« 

A .r^A the like and may even be mixtures of different biologically 
25 products, antisense gene products and the like, ana may 

active gene constructs). 

The treatment can be administered at a prior time to vector administration or It can be administered 
Iltaneously with the nucleic acid or nucleic acid vector such as in a combtned supposttory 
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preparation. In one embodiment of this invention, we have found that pre-trea«nent of the intestinal 
lining with an ethanol composition followed by a delay of several hours optimises the level of gene 
expt^ssion upon subsequent contact of the thus-treated intestine with genetic material. However, 
those skilled in the art will appreciate that by appropriate manipulation of the tteating agent, the t,me 
course for delivery of nucleic acid may be modified. Thus, for example, presentation of nucletc ac,d 
compositions simultaneously with DMSO is preferred to separating the time course of DMSO 
treatment and the nucleic acid presentation step. 

1, will be appreciated that the tetm "bact^al plasmid" is not meant to be limiting, since one skilled 
in the art would recognise that other types of DNA could be used to achieve antigen expression wtth 
equal efficiency. For example, adenovirus vector systems may be used to allow for extended 
expression, such as those described for a "helper-dependent" adenoviral vectors. Expression of 
known antigen genes includes, but is not limited to genes encoding tumour antigens, vral and 
bacterial antigens and mycoplasma antigens. This method of administration could also be used to 
deUver other functional genes to the rectal mucosa, such as anti-inflammatory genes, tissue matnx 
stimulating genes and genes to modify local autoimmune responses. 

It will be appreciated by those skilled in the art that the present invention disclosure provides 
significant advances over techhiques known in the ari for generation of local 01 and GU mucosal 
immunity. It will also be appt^iated that while the present disclosure refers thoughou, to treahnent 
of the intestinal tract with a mucous membrane disruptive or mucolyric agent, such trea«.ent and 
medtod may equally be apphed to treatment of the genitourinary tract, and the claims appended 
hereto should be so interpreted. However, since it is considered likely that such treamrent would be 
met with significant resistance it, practice, treatment of the gastrointestinal tract is f«:used on herem 
as Ute principal application to which the instant method is applied. First, the efficiency by whrch the 
gene is expressed within flte colonic mucosa for an extended period of time enharK.es the extent and 
strengti. of the mucosal response. Second, d>e route of administration avoids the possible 
introduction of oral tolerance, common to other mucosal routes of administration. 
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referenced herein are hereby mcorporated by reference PP 
describe the state of the art to which the present invention pertams. 

Wh-ieWirtzeta, 1999 disclosed intra-rectal administration of a recombinant adenovirus encoding 
WhdeW.rtzetal, 1999, ^ Omental colitis (inflamed colon and severe 

fo^ign genes in m,ce two days afi^r ,nduc„» P ^ ^ _ 

diarrhea, weight loss, and rectal prolapse, resembhng Crohn s ^^^^ 

adenomas in mot^ recttmts v,a mjection of C« recomb 
„fs^edmice..hepresent — p^videstherstdemon^^^^^^ 

vector-mediatedantigengenetransferto^enonna^l^y^^^^^^ 

.srnptivea^twhichdoesnoth.n..^^^^^^^ 

e, al, ^m. Cheng et al ) ^ ^^^.^^ ,„ 

enov^vec^r... 

vectors may be used in a similar fashion. 

. ba bound bv theoretical considerations, it is considered likely that tite poor 
Without wtshmg to be bound by theor _^ ^ he colomc mucus 

.ransfection efficiency heretoto. e.penenced by t^ose 

aisruption of tite mucus layer to ac^eve ^^'^'^^^^ of the colon resulted primarily in the 

in these regions from exposure to the vtrus. Thts fndmg agr 
pret^atinent ted a minimal impact on the histological appearance of the colon. 
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„ain.ai,.„g an i„«. epiteM layer and showing H«le evidence of inflan^ation beyond *a. a«ribu*,e 
to the normal host response to adenoviral infection. 

Mfteprintaty cell type .ransfec.edby«sapp««h,co.onice„.erocy,es are we,, p^^^^^^^^^ 
, C.ceJrin.s.ina,sene.erapy. T.e. proximi. . mucosa, hn.t»e ce„s and thetr ah,h.^ 
pltantigenhasledtoU-eirconsiderationasactivepartidpantsinthemucosaiin^nne^^^^^^ 
::rtantco„.Hbu.orstoimmunere.la«onwi.Mn.he.UMayer,l«7,Mo,eover,arece.^ 
Itingepithelial ceils v^th viral vectors ,>.v,-.ofoundtha..wothi,ds of the transsentcp,..^ 
llLthec,«nminaWa.r.d^..na..=re.a..,l,97,Ba.don.^es^^ 

,0 response we have been able to gcnet^te against the PymT antigen by lymphocytes fo^d .n *e ,1, c 
I :rwehavedemons»atcd.ha..„tgtheme*odsdiselosedherei„,.h.sdesi,^,eresul.canben-e 

J to occur in vivo. 

one potential drawback to the transfection of enterocytes is then relaUvely rapid turnover, with the 
Z^ss of entet^yte proliferation, differentiation, and migt^tion to the apica, e«n .ne ^.ng 
rpLteover.he»urseof3.daysintheco.„n<Lip.neta,.,1963,..ct,itwasrece.lyst.ed^ 

I iggest remaining challenges to ove^me in the deveiopment of intestin. gene *erapy are ^ 
;Llvir.defen.p.vid.bythemuct.barrierand.herapidtt™vero^^^^^^^^^^^ 
nobin et a, 1998). AccoMing to the method of the present invent.on, the first challenge has ^ 
.„ 21 circnlvent^g^mucba^er. ..e second eh.le.eofepithelialceU turnover re^tn. 
JLJgexpressionofreportergenes.disclosea^reinwasob«vedfor»days,l.e,yrefl.^^^^ 
T— ossof^tran^ucedentet^es.Mfortl«,imitedlucifera.e.pressionsc^^^^^^^^ 
,P,,.hisli.e,yreflectsthesm.,numberoftransducedcc,lsfo..dinth=lam.nap«p™^^ 
e,^.h,addition,si.eadenoviralv.torscanindnceanan.i-vira,hostresponseY^^^^^ 

dlt .„.,y inte^te into Uteir host. DNA, st.h vectors are typic^ly -^^^ — 
transienttransgeneexpressionno matter what organ or cell typethey infect. Acc„,dmgly,ftose sM^^ 

ri"wi,lppJetha.iflongcr..e,mge„eexp.ssi„nisdesiredd>anc.readi,ybe.tae^^ 

21 V JL, other gene trar^fer vectors, including retroviruses, may be ^'^-^ 
t,,nsgeneinte^Uonin.ohostge„omes.Fu«he,™ore,asdisc,osedabove,evenus»gade«,v.ralvee^^^ 
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constructs, by presenting the nucleic acids in a bolus, suppository, precipitated or complexed form, a 
time-release effect may be achieved, thus extending the period of transgene presentation and expression 
may be extended, regardless of enterocyte turnover. 

Based on their ability to generate strong but transient transgene expression, adenovectors have shown 
promise as vectors capable of immunizing against rabies and herpes viruses and more recently cancer, 
through DNA vaccination (Rolph, 1997). The concept is based on the identification of specific 
immunogenic antigens and the genes encoding them, which are then expressed by adenoviral vectors. 
Thus immunity against a number of viral and bacterial pathogens, as well as various fonns of cancer can 
be raised without using the original organisms or cells. TOs concept is particularly attractive when 
considering that a single multipurpose vector could be used to generate immunity against a wide vanety 
of antigens simply by changing the encoded transgene. Such vaccination would have wide application 
within the GI tract, with the increasing prevalenceof colon cancer (Parian etal,1999)and the growing 

risk of infection by antibiotic resistant strains of bacteria (French, 1998) and other pathogens. This 
invention disclosure indicates that for any of these applications, vaccination against tumor antigens, 
production of biologically relevant gene products, and the like, even the tr^sient and presumably local 
expression of the PymT antigen, was sufficient to induce a strong cytotoxic response in the draimng iliac 
lymph nodes, capable of lysing target cells almost as effectively as cells immunized by intradermal 
injection of the vector. We chose to test the response to PymT antigen, as a transgenic model of PymT 
induced cancer in mice has been well characterized, particularly with respect to the ability of AdPymT 
to vaccinate against tumorigenesis (Wan et al., 1997). hi fact intrademial vaccination using AdPymT has 
already been shown to induce a specific immune response capable of preventing the formation of breast 
tumors in this model (Wan et al, 1997), and work is currently undenvay to adapt the model to produce 
and demonstrate prevention of tumors in the colon. Thus, the method disclosed and claimed herein, 
namely intrarectal immunization, is considered to be likely to prove to be the most effective way to 
develop local immunity against colonic tumor formation. 

The release of transgenic proteins by epithelial cells into the lamina propria should have significant 
potential for affecting intestinal immune responses, not only through the delivery of DNA vaccines but 
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^ di^cted towards p— g=ne replacmen, as a cure tor gene«c diseases (Wrta 1995 . th, 
n;lppUca.onsi,,.heO,«a..s.cespecif,c™,,oger.cdefeo.haveno.b.„ide„Ufied,nc^^^ 

" Id L wore, for „os, — diseases, an approach .inrie«„s « ™* 

f interest for intestinal gene transfer would be the use of lECS (intestinal 
useful Thus another area of interest tor inxesundig , , • .v,^ 

;!eUa. ee..s) as si.es for dre ™ar,ufac.>rre arrd secre,io„ of peprides and prorerns rnvoived ,n ^ 
lunen. of inflanunatory bowe, disease (IBD). Im„...odrerapy as a means .0 rrea, ehro^c IBD has 
r aae .„ ^ .as. few years, (MacDonaid, ,998) and bo.h e.perin,en., and Cinrca. «a.s hav 
0 rrlLuceess..fae.,i.hasrece„.,ybeenden.ons..ed*. — aL,-4(Hos*^^^^^^ 

and ,.-,0 expressing adenovee.ors, delivered i„.ra-pe,i.o„eal,y were pro«c«ve dur. 
Zmenra, eo,i.is in flre ra.. Unfor.una.e,y. sneh .,i-infla™na.ory drerapies were no. se ieCve, 
;i.hein.s.i«.Oened^pyde,iveredbyener„a,supposi.o.V,bo,us,— n,or.*e.ea.. 

rifeolon wonid offer dre advan^ge of .issue seieCivi,, sinee as di.iosed herern, no ransg ne 
■ was de.ec.ed ou.ide of .he colon when using .he »ed,od of d,is invendon. Us.g ..s 

:;^:Ki„fee.edIECsa,eused..oea,,yp«.ucea„dsecre.e— uppressivepro...™^^^^ 

r recep.or an.gonis. and TO.-P, as weii as ^ow.h facors .o .crease re-ep,.he,— 
!L .issues, such iocaii^ -gene expression, especially over a parted of a few days, sho M 
lv7ln,oreeffec.ive,.dn,ore physiological .ha„..erna.ivesys.e™icapproaehessuchas^ 

20 in«avenous injecion of recombinan. pro^ins ^ rapidly disappear flom Are sen™. 

T.US dre protocol disclose he^in allows for .he emden. «ansd„edon of colonic eplMum wi.h 
r:!:vec.ors,re«ovi.3lvec.orsorna..«acdvegenecons»c.s^^^^^ 

iLs. or sense gene producrs duough .opiC adn.„is»a.ion .o .he colon. THs approach offers *e 
:r:nr,.ofglradng«a„sse„eexpressionse.ec.ive,yind,ec„,on,^ 

d,e feasihUiiy and efficiency of in«unizahon or gene *erapy .h„.u* DNA vaccnes or »s.^ 
!eZi^'appUca.ionofgene.ransfer.arge«ng.heco.onPurd,ern,ore,d.spro.ocol.^^^^^ 

rrfpo.elgene.icd.erapiesinanurnl.rofi„v^orac.elsotin.es.ina.diseases,^»^^^^^^^^ 
X~ onco„cen,ing*eeffec.of«»sie„.«.sge„eexp^^^^^^^ 
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ana ^ sys«,nic mucosa. — • While *e rouHne use of geneUc *e«pies in *e — o( 
and bo* system ^„„„stration that colomc epitelium >s amenable to 

5 scope ofthe instant invention and the claims appended hereto. 

.nv described the purposes, advantages, applications and methodology of this 
"«;i«ceZ.esa,e.o.iae.o.^^^^^ 

Iwim „.s of «s i„ve„,io„. However, i. should be appreciated that the tnvenhon descnbed 
,/:r.otl.ite....c.esof.«— ^^^^^^ 
■ for those wishing to practice this invention. The scope 

reference to the complete disclosure and the claims appended hereto. 



?5 1 

w 

20 



5 ^ f„„owing examples using the htnnan adenovirus serotype 5 are no. meant to be limiting^ 0« 
'i 5 * I d in Jar. would realise that similar plasmids. viruses and techniques could be utilised v^* 
,45 skilled m the art w Similarly the use of human Ads is not meant to 

::r:prr:irus..dtechm,uescou,dbeutiiis.with„th^^ 

„„n-buman,forexamp,ebaculovi™s,ornonviral nucleic acid eonstruc.smaybeused,asmnaked 
DNA or RNA gene delivery methods known in the art. 

,ns important to anunderstandhigofdiepresent invention andthe examples thatfollowtonote^^ 
.Zrrscien«fictermsnsedhe.in,t.ess„ti«r.sedeaned,a.intendMtohavethe^^^ 
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materials that one of ordinary skill in the art would recognize as being of interest or value in the 
particular context in which that discussion is presented. For example, it is often possible to 
substitute one buffer system or culture medium for another, such that a different but known way ,s 
used to achieve the same goals as those to which the use of a suggested method, material or 
composition is directed. 

m tem^s used herein are not intended to be limiting of the invention. For example, the term "gene- 
includes cDNAs, RNA, or other polynucleotides that encode gene products. "Foreign gene" denotes 
a gene that has been obtained from an organism or cell type other than the organism or cell type m 
which itis expressed; italso refers toagene from the same organism that has been translocated from 

its normal situs in the genome. In using the terms "nucleic acid", "RNA", "DNA", etc., we do not 
mean to limit the chemical structures that can be used in particular steps. For example, it is well 
known to those skilled in the art that RNA can generally be substituted for DNA, and as such, the 
use of the term "DNA" should be read to include this substitution. In addition, it is known that a 
variety of nucleic acid analogues and derivatives are also within the scope of the present invention. 
"Expression" of a gene or nucleic acid encompasses not only cellular gene expression, but also the 
transcription and franslation of nucleic acid(s) in cloning systems and in any other context. Tlie term 
"gene product" refers primarily to proteins, polypeptides, and antisense genes encoded by nucleic 
acids (e.g., non-coding and i^gulatoiy RNAs such as tRNA, sRNPs, mRNAs, cDNAs, genomic DNA 
and the like). The term "regulation of expression" refers to events or molecules that increase or 
decrease the synthesis, degradation, availability or activity of a given gene product. The term 
"biologically active" as it is used in comiection with nucleic acid constructs means that a gene, the 
expression of which is desired, is under the regulatoiy control of appropriate transcription initiation 
and temiination factors, and that all needed translation start and stop signals are provided for. The 
term immune response refers to both cellular and humoml immunity and includes all T cell subtypes 
and all class of immunoglobulins. The term mucosal immune response refers to the normally 
occurring and induced immune response at or in the mucosal tissue, including, but not restricted to 
nasal, bronchial and lung tissue, stomach, intestine, colon, and genitourinary tract. 
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• ■ , o not limited to the use of the cell types and cell lines used herein. Cells 
Thepresentinvenuonxsalsonothmitedtot ^^^^^ 

from different tissues (breast epithehum, colon, lymphocytes, ) 

mouse, etc.) are also usefixl in the present invention. 

u- ■ tiontodetectthegenerationandexpressionofrecombinantnucleicacids 
,,..portantinth.mvent.n.d^^^^^^^^ 

andtheirencodedgenepro u ts. The^e. .....on and variations 

.dse.uenctn.Ugationofo^^gon.^^^^^^^ 

thereof(e.g.,aPCRthatuses7.deazaGTP),useotst g ..ferentially 

bind to complementary sequences under given stnngency 
methods. 

t Hh commercially available automated sequencers utiUzing labeled 

(Barany, F., PCRJletiiodsandA^^ 1^ 5-16 (1991)). 

u • H nnt in a filter-based format, in which the target nucleic acids 

based and microtiter well-based hybridization formats. 



20 



25 



17 PATENT APPLICATION 



DOCKET NO. GDI-1 

The clo^ng and expression veCo. described herein are in^oduced into ceUs or .issues by any one 
I"mo:n.e*ods.d,in*ear..S.eHn,e.boasaredescribed.re 

, MoLar aoring: A Laborato,y Manv^. Cold Spring Harbor UU^m. New York 199 ). 
etal., Molecular i^iomng. Turrent ProtocoldnMolecular 

which is hereby incorporated by reference. See, also, Ausubel et al., QsrentProto _ 

which IS hereoy i p "Construction and propagation of 

Biology, John Wiley and Sons, Baltimore, MD (1989), Hitt eta, 

t r= " in Cell Ri-^bn - ^ T nhoratorv Han dbook, Ed. J.E. Cells., Acaaemi 

:L — n and e— . in ^^^1 

Academic Press, Orlando, Florida, Volume 7B, pp:12-30, 1995, Hitt, ' 

Academic rr ^-^ a t .hnrntorv Handbook," Ed. J. E. 

recombinant viral vectors. 

protein products of reconrbined and unrec„n,bined coding sequences nray be analyzed using 

variant, but not wild-type, polypeptides. 

' «eicacidse,uencesca.ble„.ul.i™a.e,ye.press.ng.^^^^^^^ 
from a variety of different polynucleotides (genomic or cDNA, RNA, synthe 
as well as by a variety of different techniques. 
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The DNA sequences are expressed in hosts after the sequences have been operably linked to (i.e., 
positioned to ensure the functioning of) an expression control sequence. These expression vectors 
are typically replicable in the host organisms either as episomes or as an integral part of the host 
chromosomal DNA. Commonly, expression vectors contain selection markers (e.g., markers based 
on tetracycline resistance or hygromycin resistance) to permit detection and/or selection of those 
cells transformed with the desired DNA sequences. Further details can be found in U.S. Patent No. 
4,704,362. 

Polynucleotides encoding a variant polypeptide include sequences that facilitate transcription 
(expression sequences) and translation of the coding sequences such that the encoded polypeptide 
product is produced. Construction of such polynucleotides is well known in the art. For example, 
such polynucleotides include a promoter, a transcription termination site (polyadenylation site m 
eukaryotic expression hosts), a ribosome binding site, and, optionally, an enhancer for use m 
eukaryotic expression hosts, and optionally, sequences necessary for repUcation of a vector. 

In addition to microorganisms, mammalian tissue cell culture is used to express and produce the 
polypeptides of the present invention. Eukaiyotic cells are preferred, because a number of suitable 
host cell lines capable of secreting intact human proteins have been developed in the art, and include 
the CHO cell lines, various COS cell lines, HeLa cells, myeloma cell lines, Jurkat cells, and so forth. 
Expression vectors for these cells include expression control sequences, such as an origin of 
replication, a promoter, an enhancer, and necessary information processing sites, such as ribosome 
binding sites, RNA splice sites, polyadenylation sites, and transcriptional terminator sequences. 
Preferred expression control sequences are promoters derived fi-om immunoglobin genes, SV40, 
Adenovirus, Bovine Papilloma Virus, Herpes Virus, and so forth. The vectors containing the DNA 
segments of interest (e.g., polypeptides encoding a variant polypeptide) are transferred into the host 
cell by well-known methods, which vary depending on the type of cellular host. For example, 
calcium chloride transfection is commonly utilized for prokaryotic cells, whereas calcium phosphate 
treatment or electroporation is useful for other cellular hosts. 
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Adenoviruses with foreign DNA inserted in place of El sequences, and optionally also carrying 
deletions of E3 sequences are conventionally known as "first generation" adenovirus vectors. First 
generation vectors are of proven utility for many applications. They can be used as research tools for 
high-efficiency transfer and expression of foreign genes in mammalian cells derived from many 
tissues and from many species. First generation vectors can be used in development of recombinant 
viral vaccines when the vectors contain and express antigens derived from pathogenic organisms. 

The vectors can be used for gene therapy, because of their ability to efficiently transfer and express 
foreign genes in vivo, and due to their ability to transduce both replicating and nonreplicating cells 

in many different tissues. Adenovirus vectors are widely used in these applications. 

There are many known ways to construct adenovirus vectors. As discussed above, one of the most 
commonly employed methods is the so-called "two plasmid" technique. In that procedure, two non- 
infectious bacterial plasmids are constructed with the following properties: each plasmid alone is 
incapable of generating infectious virus. However, in combination, the plasmids potentially can 
generate infectious vims, provided the viral sequences contained therein are recombined to constitute 
a complete infectious virus DNA. According to that method, typically one plasmid is large 
(approximately 30,000-35,000 nt) and contains most of the viral genome, save for some DNA 
segment (such as that comprising the packaging signal, or encoding an essential gene) whose 
deletion renders the plasmid incapable of producing infectious virus. The second plasmid is typically 
smaller (e.g. 5000-10,000 nt), as small size aids in the manipulation of the plasmid DNA by 
recombinant DNA techniques. Said second plasmid contains viral DNA sequences that partially 
overlap with sequences present in the larger plasmid. Together with the viral sequences of the larger 
plasmid, the sequences of the second plasmid can potentially constitute an infectious viral DNA. 
Cotransfection of a host cell with the two plasmids produces an infectious virus as a resuh of 
recombination between the overiapping viral DNA sequences common to the two plasmids. One 
particular system in general use by those skilled in the art is based on a series of large plasmids 
known as pBHGlO, pBHGl 1 and pBHGE3 described by Bett, A. J., Haddara, W., Prevec, L. and 
Graham, F.L: "An efficient and flexible system for construction of adenovirus vectors with insertions 

' . , • 1 Prnr Natl Acad Sci US 91: 8802-8806, 1994 and in 

or deletions in early regions 1 and 3, Proc. Natl. Acaa. oci. 
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„r«,e" plas^ids « co„.ai„ .he >eft appn,x— y 340 „. of .he Ad ge„o.e ,„« 
p Cagins siLa,, op.— y a po« si«, or op.io„a«y an expression cassene, followed W 
Zlnlsf^n-ne^^eH^UndofEUoapp— 13.„orop.iona,,.oapo.^ 

righ Jd in *e genome. The vira, sequences righ.«ard of E. overlap wid, seqnenees ,n d,e pBHO 
Xlsand,vi homologous recon.hina.ioninco.ransfec.dhos.eells,produce,nfee.,o.^ 

C:lnsvlrusesco„.Mn.hepaelcasingsignalderivedfro™.hesh„n^^ 
Z»ces,slhasaforei.BHAinser«din.o.e.«si.eorexpres.^^^ 

in ,he shu..le plasmid be»een .he packaging signd and fte overlap sequences. Because ne,.h 
ZidaloneL*ecapahi.i..oproducerepliea.ing.rns.nfec.iousv«vee.orpn,gen,cano.^ 

arise as a resul. of recombination wiihin the cottansfected host cell. 

:ntheEx»piesv.hichfollow.al,resu,.sareexpressedas*emeans.lSEM.S..isticalsi^«^^^^ 

lalcu,a.Lus^d.eStuden.M.estforcomparisonof.won,e.soraone«a.an.^^^^ 
(™for.hecon,parisonof.hreeorn,oremeans.Multiplecomparisonswereperfonnedus.ng.he 

Neuman Keuls multiple comparison test. P < 0.05 was considered sigmficant. 

FXAMPLE 1 
Mii-P and Cell Lines 

Speci,icpathogen.free,maleN.„Swissmice(6to.0wee.o,d,purchased.omth« 
uLitu.(Bed«sda,Mar,land,,a„d.0wec.„ldfema,eFVB/nmiceCracon.cParm.O^^ 

5 York) were kep. in fiher topped cages and given Umn. access to autoclaved food and water, m 
Z™seJo.edwere.ndi«ctaccordancewi.h.hegn.delh.e.oftheMcMa.^^ 

Care Comminee and tt,e Canadian Council on d,e Use of Uborarory Ammals. T^e «ge. c^U h«s 
C;^ITpT05,6»d5.6MT3,a.kidney,ib»blastlinesderivedfi.manPVBmouse.T.e516MT3 
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cell line was generated by stably transfecting the PT0516 cells with the polyoma middle T cDNA 
(PymT). 

EXAMPLE 2 
p«>fnmhinant Ade novirus Vectors 

Tl,. «combman, human We 5 adenoviruses AdCA35 and AdDKl (hereafter referred ,0 as AdUcZ and 
AdLuc) contain toe p.galae,osidase (P-Gal) and firefly luciferase genes, respecrively. under ,he conttol 
of .he mouse cytomegalovirus (CMV) immediate early promoter and temrinated by the SV40 
polyadenylation si^ inserted into the El region of the Ad5 using the BHOlO backbone described by 
Belt .( al 1994 Tbe recombinant adenovinrs vector expressing the polyoma middle T antigen 
(AdPymT) was previously described by Davison and Hassell 1987. to earlier studies using an established 
murine cancer model (PymT «»sgemc mice), we demonstmted that a single injection with the AdPymT 
vector via diffe«n, routes (including iv, sc, ip. id and im) can induce PymT specific T cell-medrated 
imm^re responds (Wan etal., 1997). For purposes ofcomparison with the meftods and results of ths 
invention, that data is hereby incorporated by reference as if fully set forth herein. 

EXAMPLE 3 
P».t««.l and Esh- Mi'i-"""' "f Vra' Infection 

Mice were anaesdretized ™a, the gaseous anesthetic Enflurane, (Abbott Laboratories, St. Uurent, 
Quebec) ^ while unconscious, given an intra-r^tal enema of 50% EtOH (v/v) (diluted in dH.O) usmg 
acathetermadeofPESOpolyethyle^ tubing att^hedtoalml syringe TTie catheter was inserted so tot 

*e tip was 4 cm proximal to the anus and a total volume of 1 50 pi was injected. To ensure distnbutron 
offteethanol.hmughou.the colon, mice were held inaveriicalpositionforSOsaitertheinjectioa The 

mice were then left forShour. to «cover. A, this time they we^ag^nanaesftefized and for the marker 
virus smdies, NIH Swiss mice were given 5xlO' plaque forming uni.s (pfu) of AdLuc or 1x10 pfi. 
AdUcZ virus by enema in a .ota. volume of 1 DO m of phospha.e buffered saline (PBS), pH 7.4, in » 
identical fashion .0 the first enema. Over the next ei^t days, mice were sacrificed at regular intervals 



22 



PATENT APPLICATION 
DOCKET NO. GDI-1 



Uected for B-Gal staining or for luciferase quantification. For the inununization studies, 
w.thtrssuescollectedforpG.s^^ 

the FVB mice were given IxIO ptu ot Aaf ym i m k 

• • 1 V 1 0* nfii of AdPymT into the footpad, 

immunization) mice were injected with IxlU ptuoi/v y 



FX AMPLE 4 



rocaliTition of Bet«-Galactosidasej 



A rZ) Product 
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Stainingforp-Gal expression was asdescribedbyMastrangeli../., 1993, with minor modifications^ 
Staimng for p Ga p ^^^^^^^^ ^^^.^ ^^^^^^ ,p,,,d 

Briefly, over the time course of the infection, mice ,^ ^ , - pRc a^c for 1 

nuclear fast red. Photographs were taken using a Zeiss camera. 

FXAMFLE 5 
T iiciferase Detection 



25 



colonr^moved, opened longitudinally, cleaned of fecal material, 
J. Samples of terminal ileum, as well as spleen, 
also removed and treated similarly, 
t phosphate pH 7.8, 1 mM PMSF, and 



sacrificed at days 1 ,2,3,5 and 8 PI, the 

divided in halfCproxtaal vs. distal colon) and kept on ice , „„d „eated similarly 

liver and mesentery, including ^ associated lyntph nodes we. also removed and treated 
Tissues were subse,uentlyl»mogerJzedmbuffer(0.1Mpotassium 
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F.XAMPLE 6 
TTL Assay 



P„p,Uea, «es <.«n« «,e footpad, and iUac Wes, d«,™n, *e d s., ^ o , «^ 
Jested <Vo™».e5daysafteH— ion wHhAd^T,asde.„bed(Wa„e.a,, 9^^^^^^^ 

3 days cu,«e (wi*ou. «s.in>u,a«„n). toe ce,.s were tested for cytolytic act,v,ty agatnst Ute ,6MT3 
lld,hepLn.a,m5.6ceUswWcHwe.bo.h,a.«>edwitK''a.Releaseof''Crwasde.et„^ed 

using a gamma counter, as described (Wan et al., 1997). 

FXAMPLET 
tJ>nnviralG>"«'>elive''V 

«.s.u.es,«.P^on.edtode.e™inet.e.a3eli„c.ranssc,«e.p,ess.no«^^^^^^ 

of mice receiving either the AdLacZ or the AdLuc viruses delivered m enema fo™ «.hou ^ 
pre— of.hecolon.AfewP-GalpositiveceUsweredetectedin.hedistalcolon(seeF,gt^.A 

l..n*ep.o.imalcolon,andlucifera.activ.tydidnotriseahovehac.^^^^^^^ 

Preueating Ute colon with an c«ma of the r,ucoly«c agent, dithiothrettol. followed 3 hours w,* 

ri..vec.ors,h,c,e^ — e»eiency,Uowever.en™herof.si.ive^ 

sUll «,t impressive. Tt.ansie«.ydis,.pUngbothmeepi«al and mucuslayersof^ecolonftro^^ 

:H;— „ of . s^^^o. of S.. Chano, «s.t=d in ^.ly enhanced levels of transgene 

expression. 

FX AMPLE 8 
Ffhannl Prctr- *"'''"* ^fudv Protocol 

Di,u.ee,hano,is.t„ow„.o.ransiendydisn,tmucosalha,riersin.hes.o.nachaaeo^^^ 

Lly has hecn used as the vehicle and barrier breaker to deliver haptenatmg agents sue . 
r»Lenes„lfonicacid<T»S)to.hecolontoind„cec.p.rime„tal colitis inm.ce(Net..^e..^ 

Xdrats0.allaceeta,...9S9).Sinceenemadelive.ofethanolaloneisl.owntocauseonlym,ld 
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■ • r.thetal 1995- Wallace etal, 1989), we examined whether pretreating the colon 

, delivery following pretreatment were examined, with the best 



50%) and different time courses of viral < 
results found using a solution of 50% ethanol, 
adenovectors. Surprisingly, no transgene expression was seen 



followed 3 hours later by a second enema containing the 
if the viruses were given less than 3 hours 



afterteefcanol. while ttansgene expression decreased iftevinases 
pretreatment. 



were 



given more than 3 hours after 
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FXAMPLE 9 
p^<^^ r--oia.tn.idase St"'"'"P ""'^ Histology 

Mer me colon op^ed longitudin^iy. stained tor ^aU and examined under a dissecnng 
2"pe numerous sn,.iHues..edce«s were see„on*e.„ucos.snr^e(see .^.B,h„ 

: rrderecd on *e seres, surface, nor in Ure mesenre.. Ma. posiUve ce.is were for.d 

CO, as ^:-z-r:r=::^ 

a time course was performed, s,m.ter large b« day 3 By day 5, a scattering of 

2 while the number of stained cells decreased by appK>xnnately 50 /. by day 3. By 

H„ece,lswasstilleviden.andbydaySallevidenceofP-g.t.-S.neexpress,onwasgone. 

,■ „f ,he infected colon identified the majority of the infected cells as 
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lymphocytic aggregates were noted in tissues removed from mice given 
enemas, likely reflecting the host's response against the viral vectors. 
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ethanol followed by adenoviral 



ffXAMPLE 11 
I iipifcrase Expression 

While P-Oal staimng identifies infected cells expressing *e UcZ tn^gene, it is not a reliable .eporter 
gene for quantifying transgene expression. Wo«. we also examined luciferase reporter expressron. 
Similar to our observations with tite p-Gal staining, expression was found predominantly in the dtstal 
colon although limited expression was also delated in the proximal colon (see Figure 2A). Lmle 
expression was detected in the ileum, and no expression was detected in the spleen, liver,mesentenc or 

iliac lymph nodes, indicating that the infection and ti^gene expression was selective to the GI tmct. As 
shown in Figure 2B, luciferase activity was strongestat day l,witi> luciferase activity of 650 relative hght 

urits (RLUymg tissue, equivalent ,0 approximately 2-3 ng of lucife«se protein in the colon. Expresston 
was ■educedatday2andwhilethelevelsoflucife^detect^atdays3.5and8Plwe«ftrti.er reduced, 

titey were still significantly elevated over baseline activity (<lRLU/mg tissue). 

F.XAMPLE 12 
rTT Tmmiine ResDonse 

Since applications proposed for intestinal gene teapy include vaccination and will require the 
development of an immune r^ponse against ti^sgenic proteins, we examined the efficacy of 
adenoviral gene transfer to the colon in inducing a cytotoxic immune response against a well- 
charactetizrf tumor antigen, PymT. Mice are given an intra-rectal enema of 50% ethanol, 150 
microlities tinough a catireter made of PE50 polyctttelene tubing. Tire fluid is administered w,tir,„ 
the area 4 cm proximal to tite anus. ABer 3 ta. tite mice are anaestiretisrf and 5X10 pfu otpurified 
vector is administered in 100 microlitres of saline in an identical manner to the first ethanol 
administration. When an Adenovirus vector encoding tire tumour antigen PymT is used, after 8 days 
cells are removed from the ileac lymph nodes and are shown to be primed for Cytotoxic T cell 
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activity specific for PymT an^sen. as de— in a s^dard CTL assay agains. PymT expressing 

inm^ immunization using AdPymT virus led u, the strong 



cell targets. As seen in Figure 3, 
induction of cytotoxic T cells in the iliac 



expressing the PymT antigen, but not 



induced by intra-rectal immunization was 
generated by intradermal footpad injection of the AdPymT vector, 



nodes draining the colon which specifically lysed a cell line 
the parental cell line, in a dose dependent manner. CTL efficacy 
of a similar magnitude to that found in popliteal lymphocytes 
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Naturally based on the present disclosure, those sHled in the art will be enabled to develop 
!I^,:onthenucleicaciddeliverypr„.ocolsdiscl„sedherein.l.wil-beappr.tated^^ 

lethodse,nployedhe.i„for gene presentationtonturine intestinal cells isnotdtrectlyappl c^^^^ 

Cnepres^atLontoht^anintesHnalcells. „owever,thosesMl,eai„tbe^wi apprectatet^^^^ 

: posi or>es eontprising nucleic acids, ntuco-disruptive agents, or both in — ™ " 
etlployed by huntans or in large anint^s of agriculnrral significance. Enenta, u,,ect,on. ,nst,l,at,o„, 
Zr^LliKe„«yallbee.ployedforMspu^se.Tbus,inh„n,ans,asupp„s.toryc^n.pn^^^ 

:ets.hatn,e,tatb<.yten,peraU.re.oreleasen,uco,yticorntuco.dis™ptivea.^^^^ 

0 both is employed with convenience for the purpose of delivering adenov,ral vectors, retrovtra 

rlt nled nucleic acid constntets and *e l,.e in order to tr.t or p..vent a wide vanety of 

pathologic conditions. 
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